Introduction {#S0001}
============

Glioma is one of the most serious leading causes of cancer-related mortality worldwide.[@CIT0001] Glioblastoma multiforme (GBM), a malignant grade IV tumor, is the most aggressive type of glioma, which accounts for 60--70% of all gliomas.[@CIT0002] Surgical resection remains the main choice of glioma treatment, but the clinical outcome for glioma patients remains poor.[@CIT0003] Hence, there is an urgent need to identify both novel sensitive biomarkers for diagnosis and new therapeutic targets for treatment in glioma.

MicroRNAs (miRNAs) are single-stranded non-coding RNAs that bind to the 3ʹ untranslated region (3ʹUTR) of target mRNAs to induce degradation and interfere in the translation process.[@CIT0004] More and more studies provide evidence to support that miRNAs are aberrantly expressed in human cancers and function as tumor suppressors or drivers.[@CIT0005]--[@CIT0011] In gliomas, miRNAs are crucial regulators in the tumorigenesis and tumor progression.[@CIT0012] The expression of miR-708 is down-regulated in glioma tissues and it suppresses the growth and epithelial-to-mesenchymal transition (EMT) of glioma cells by targeting sphingosine kinase 2 (SPHK2)-mediated AKT/β-catenin pathway.[@CIT0013] miR-4500 functions as a tumor suppressor by attenuating insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) in glioma cells.[@CIT0014] Our previous study reveals that miR-33a promotes cell proliferation and induces the apoptosis of glioma cells by directly suppressing sirtuin 6 (SIRT6).[@CIT0015] Recently, miR-769-5p, a newly emerging cancer-associated miRNA, caught our attention. In oral squamous cell carcinoma (OSCC) tissues, the downregulated expression of miR-769-5p has a hopeful diagnosis potential.[@CIT0016] The increased expression of let-7d-5p combining with miR-769-5p under-expression indicates poor prognosis of non-small cell lung cancer (NSCLC).[@CIT0017] miR-769-5p expression is frequently reduced in colorectal cancer (CRC), and suppresses cell proliferation and invasion by inhibiting cyclin-dependent kinase 1 (CDK1) and hes related family bHLH transcription factor with YRPW motif 1 (HEY1).[@CIT0018],[@CIT0019] Moreover, miR-769-5p suppressed the proliferation, migration and invasion of NSCLC cells by inhibiting transforming growth factor beta receptor 1 (TGFBR1).[@CIT0020] Additionally, long noncoding RNA (lncRNA) LINC00460 functions as a molecular sponge for miR-769-5p to promote epidermal growth factor receptor (EGFR) and accordingly exerts an oncogenic role in NSCLC.[@CIT0021] Conversely, miR-769-5p expression is remarkably increased in melanoma and facilitates cancer cell proliferation by targeting glycogen synthase kinase-3 beta (GSK3β).[@CIT0022] miR-769-5p plays a tumor promoting role in hepatocellular carcinoma (HCC) via targeting RING1 and YY1 binding protein (RYBP).[@CIT0023] However, the role of miR-769-5p in glioma remains unexplored yet.

In the present study, we detected the expression levels of miR-769-5p in glioma tissues and cell lines. Moreover, the biological role of miR-769-5p in the proliferation and apoptosis of glioma cells and its relevant mechanism were studied. Our study suggested that miR-769-5p might act as a novel potential therapeutic target for glioma.

Materials And Methods {#S0002}
=====================

Patients And Sample Collection {#S0002-S2001}
------------------------------

The study was approved by the Research Ethics Committee of Xi'an No.3 Hospital and with the 1964 Helsinki declaration and its later amendments. Sixty paired glioma tissues and adjacent non-tumor tissues (glioma borders) were collected from patients during surgery in the Xi'an No.3 Hospital and Xi\'an Central Hospital. Written informed consent was obtained from all patients, who did not receive treatment before surgery. The clinicopathologic information of glioma patients were previously described.[@CIT0015] Tissue specimens were immediately snap frozen in liquid nitrogen and stored at −80°C until RNA extraction.

Cell Culture And Transfection {#S0002-S2002}
-----------------------------

These four glioma cell lines (A172, T98, U87 and U251) and a normal human astrocyte (NHA) cell line, which were purchased from the Cell Bank of Shanghai Institute of Cell Biology (Chinese Academy of Medical Science, Shanghai, China), were maintained in our lab and cultured as previously described.[@CIT0015] The miR-769-5p inhibitors (anti-miR-769-5p) and negative control inhibitors (NC) were obtained from RiboBio (Guangzhou, China). Lentiviral vector-mediated miR-769-5p inhibitors were purchased from GeneCopoeia (Guangzhou, China). pcDNA3.1-lysine methyltransferase 2A (KMT2A) and empty vector (EV) were obtained from Genechem (Shanghai, China). KMT2A siRNA (siKMT2A; 5′-GGT GTT GTC GTC GTT GCA AAT-3′) and corresponding scrambled control siRNA (Scr siRNA; 5′-TTC TCC GAA CGT GTC ACG T-3′) were synthesized by RiboBio. These plasmids and oligos were transfected into glioma cells using lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA, USA).

RNA Extraction And Quantitative Real-Time PCR (qRT-PCR) {#S0002-S2003}
-------------------------------------------------------

Briefly, total RNA was extracted from glioma tissues and cell lines with TRIzol reagent (Invitrogen, Carlsbad CA, USA). RNA was reversely transcribed to cDNA using a Reverse Transcription Kit (Tiangen, China). Real-time PCR assay was performed with SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA) in the ABI 7500 Real-time PCR System. The miRNA level was determined using qRT-PCR analysis with TaqMan MicroRNA Assay Kit (Applied Biosystems). The primer sequences were listed as follows: miR-769-5p RT 5´-CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG AAC CCA TG-3´, forward 5´-ACA CTC CAG CTG GGT GAG ACC TCT GGG TTC TG-3´ and reverse 5´-CTC AAC TGG TGT CGT GGA-3´; U6 forward 5ʹ-CTC GCT TCG GCA GCA CA-3ʹ and reverse 5ʹ-AAC GCT TCA CGA ATT TGC GT-3ʹ; KMT2A forward 5ʹ-CCC CTT CGG GTC TCC TCA TT −3ʹ and reverse 5ʹ-ATC CTT CGA GGG CTT TGT CTG-3ʹ; protein kinase AMP-activated catalytic subunit alpha 1 (PRKAA1) forward 5′-TGT CTC TGG AGG AGA GCT ATT TGA-3′ and reverse 5′-GGT GAG CCA CAG CTT GTT CTT-3′; GAPDH forward 5ʹ-TGT TCG TCA TGG GTG TGA AC-3ʹ and reverse 5ʹ-ATG GCA TGG ACT GTG GTC AT-3ʹ.

Cell Proliferation {#S0002-S2004}
------------------

Cell Counting Kit-8 (CCK-8), colony formation and EdU assays were performed to detect the proliferation of glioma cells. CCK-8 reagent (10μl/well, Dojindo Laboratories, Dojindo, Japan) was added to the plate and cells were cultured for 1.5 hrs. Then, the absorbance of the samples at 450 nm was detected by microplate reader (Bio-Rad, Hercules, CA, USA). For colony formation assay, glioma cells were seeded in six-well plates (200 cells per well) and incubated for 2 weeks until the visible colonies were formed. The colonies with crystal violet staining were counted. The EdU assay was carried out using the Cell-Light™ EdU Apollo^®^488 In Vitro Imaging Kit (RioBio) following the manufacturer's recommendations.

Flow Cytometry {#S0002-S2005}
--------------

The apoptotic glioma cells were detected by using the PE Annexin V Apoptosis Detection Kit I (BD Biosciences, San Jose, CA, USA) as previously described.[@CIT0010]

Luciferase Reporter Assay {#S0002-S2006}
-------------------------

Glioma cells were con-transfected with miR-769-5p inhibitors or NC inhibitors and luciferase reporter plasmids containing wild-type (wt) or mutant type (mt) 3ʹUTR of KMT2A. After transfection, the luciferase activity was determined by using a dual-luciferase reporter assay system (Promega, Madison, WI, USA).

Western Blotting {#S0002-S2007}
----------------

The detailed protocols for immunoblotting analysis were previously mentioned.[@CIT0015] Primary antibodies against KMT2A (\#14197), PCNA (\#13110), Bcl-2 (\#4223), CDK4 (\#12790), CDK6 (\#3136), β-actin (\#3700) and GAPDH (\#5174), and a horseradish peroxidase (HRP)-conjugated secondary antibodies (\#7074 and \#7076) were purchased from Cell Signaling Technology, Inc (Beverly, MA, USA). Bound antibodies were visualized by super ECL detection reagent (Beyotime, Shanghai, China).

Animal Experimental {#S0002-S2008}
-------------------

The subcutaneous xenograft transplantation experiments were performed using co-injection of U251 cells with Matrigel as previously described.[@CIT0015] Immunoblotting analysis of CDK4, CDK6, PCNA and Bcl-2 was carried out in the xenograft tumor tissues. The animal studies were approved by the Institutional Animal Care and Use Committee of The Affiliated Hospital of Northwest University and the protocols complied with the guidelines for the welfare and use of animals in cancer research.

Statistical Analysis {#S0002-S2009}
--------------------

GraphPad Prism 8.0 (GraphPad Inc., San Diego, CA, USA) was used to analyze the data. Data were expressed as the mean ± standard deviation (SD) of three independent experiments and analyzed using Student's *t*-test or ANOVA followed by a Tukey's post-hoc test. Kaplan--Meier method and log-rank test were carried out for survival analysis. The relationship between miR-769-5p and KMT2A mRNA expression was assessed by Spearman correlation test in glioma tissues. P\<0.05 was determined to indicate a statistically significant difference.

Results {#S0003}
=======

miR-769-5p Expression Is Upregulated In Gliomas {#S0003-S2001}
-----------------------------------------------

Firstly, qRT-PCR analysis was conducted to determine the expression difference of miR-769-5p between 60 paired glioma tissues and adjacent nontumor tissues. As shown in [Figure 1A](#F0001){ref-type="fig"}, the expression of miR-769-5p was significantly higher in glioma tissues compared to adjacent nontumor tissues (P\<0.0001). Next, we measured the expressions of miR-769-5p in glioma cell lines including A172, T98, U87 and U251. Consistently, the levels of miR-769-5p in glioma cell lines were markedly higher than that in NHA cell line (P\<0.05, [Figure 1B](#F0001){ref-type="fig"}). Thus, miR-769-5p expression was frequently increased in gliomas.Figure 1The expression and clinical significance of miR-769-5p in glioma. (**A**) The expressions of miR-769-5p were examined by qRT-PCR in 60 paired glioma tissues and adjacent nontumor tissues. (**B**) The levels of miR-769-5p were determined by qRT-PCR in four glioma cell lines (A172, T98, U87 and U251) and a normal human astrocyte (NHA) cell line. (**C**) Glioma patients with high WHO grades had significantly higher levels of miR-769-5p compared to cases with low WHO grades. (**D**) The expression of miR-769-5p in glioma tissues with different WHO grades base CGGA database. (**E**) Glioma patients highly expressing miR-769-5p showed an obvious poorer survival compared to cases with low miR-769-5p expression. (**F**) CGGA data indicated that high miR-769-5p expression indicated poor prognosis of glioma. \*P\<0.05, \*\*P\<0.01.

The Upregulated Expression Of miR-769-5p Predicts Poor Prognosis Of Glioma {#S0003-S2002}
--------------------------------------------------------------------------

Next, the expressions of miR-769-5p were compared among glioma tissues with different World Health Organization (WHO) grades. Glioma tissues with high WHO (III+IV) grades had obvious higher levels of miR-769-5p compared to samples with low WHO grades (I+II) (P=0.0002, [Figure 1C](#F0001){ref-type="fig"}). Interestingly, the data form Chinese Glioma Genome Altas (CGGA) consistently demonstrated that miR-769-5p expression was positively correlated with tumor grades of glioma (P\<0.05, [Figure 1D](#F0001){ref-type="fig"}). Notably, glioma patients highly expressing miR-769-5p had a prominent poorer overall survival compared to cases with low miR-769-5p level (P=0.007, [Figure 1E](#F0001){ref-type="fig"}). Additionally, CGGA data revealed that elevated expression of miR-769-5p predicted poor survival of glioma patients (P=0.016, [Figure 1F](#F0001){ref-type="fig"}). These data suggested that miR-769-5p might be a promising prognostic biomarker for glioma.

Inhibition Of miR-769-5p Represses The Proliferation Of Glioma Cells {#S0003-S2003}
--------------------------------------------------------------------

To further investigate the role of miR-769-5p in glioma cells, synthetic miR-769-5p inhibitors were transfected into A172 and U251 cells and miR-769-5p knockdown was confirmed by qRT-PCR (P\<0.05, [Figure 2A](#F0002){ref-type="fig"}). Then, CCK-8 and EdU assays indicated that miR-769-5p knockdown significantly suppressed the proliferation of A172 and U251 cells (P\<0.05, [Figure 2B](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}). Furthermore, the colonies formed by glioma cells with miR-769-5p knockdown were obviously less than those formed by control cells (P\<0.05, [Figure 2D](#F0002){ref-type="fig"}). Subsequently, we investigated the effect of miR-769-5p silencing on glioma cell apoptosis. As shown in [Figure 2E](#F0002){ref-type="fig"}, miR-769-5p inhibition markedly induced the apoptosis of A172 and U251 cells (P\<0.05). Additionally, silencing of miR-769-5p obviously reduced the growth of U251 cells in vivo (P\<0.05, [Figure 3A](#F0003){ref-type="fig"}). The levels of CDK4, CDK6, PCNA and Bcl-2 in xenograft tumor tissues arising from miR-769-5p knockdown group were prominently lower than those in control group (P\<0.05, [Figure 3B](#F0003){ref-type="fig"}). These results showed that miR-769-5p knockdown suppressed cell proliferation and induced apoptosis in glioma cells.Figure 2miR-769-5p knockdown suppresses the growth of glioma cells. (**A**) miR-769-5p inhibitors (anti-miR-769-5p) and negative control (NC) were, respectively, transfected into A172 and U251 cells to downregulate miR-769-5p expression. (**B**) CCK-8 assay indicated that miR-769-5p knockdown repressed glioma cell viability. (**C**) EdU assay revealed that miR-769-5p silencing suppressed the proliferation of glioma cells. (**D**) The colonies formed by glioma cells were reduced by miR-769-5p silencing. (**E**) miR-769-5p knockdown induced the apoptosis of glioma cells. \*P\<0.05.Figure 3miR-769-5p knockdown represses in vivo growth of glioma cells. (**A**) Lentiviral vector-mediated miR-769-5p inhibitors (anti-miR-769-5p) and corresponding negative control (NC) were, respectively transfected into U251 cells, which were implanted into the frank of nude mice via subcutaneous injection. Tumor volume in miR-769-5p knockdown group (n=4) was obviously lower than that in control group (n=4). (**B**) The levels of CDK4, CDK6, PCNA and Bcl-2 in tumor tissues arising from miR-769-5p knockdown group (n=4) were obviously lower than that in control group (n=4). \*P\<0.05. Scale bar: 1cm.

miR-769-5p Directly Targets KMT2A In Glioma Cells {#S0003-S2004}
-------------------------------------------------

To investigate the molecular mechanism underlying the role of miR-769-5p in glioma cells, we predicted the target genes of miR-769-5p based on starBase V3.0 online platform.[@CIT0024],[@CIT0025] After analysis, 22 genes were predicted by four databases cross-validation. Among these, PRKAA1 and KMT2A are previously reported to be tumor suppressors in glioma.[@CIT0026],[@CIT0027] Next, we found that miR-769-5p knockdown prominently increased the expression of KMT2A mRNA in A172 and U251 cells (P\<0.05, [Figure 4A](#F0004){ref-type="fig"}). However, miR-769-5p inhibition did not impact the level of PRKAA1 mRNA in glioma cells ([Figure 4A](#F0004){ref-type="fig"}). Furthermore, immunoblotting analysis showed that the expression of KMT2A protein was remarkedly upregulated by miR-769-5p knockdown in A172 and U251 cells (P\<0.05, [Figure 4B](#F0004){ref-type="fig"}). To validate whether KMT2A is a direct target gene of miR-769-5p, we inserted the 3′UTR of KMT2A containing binding sites for miR-769-5p into the luciferase system. As shown in [Figure 4C](#F0004){ref-type="fig"}, miR-769-5p knockdown significantly enhanced the luciferase activities of vectors carrying wt 3′UTR of KMT2A (P\<0.05), but not those of vectors containing mutant binding sites in 3′UTR of KMT2A. Notably, qRT-PCR data showed that the expression of KMT2A mRNA was significantly downregulated in glioma tissues when compared with adjacent nontumor tissues (P\<0.0001, [Figure 4D](#F0004){ref-type="fig"}). Further analysis indicated that the level of KMT2A mRNA was negatively correlated with miR-769-5p expression in glioma tissues (r=−0.5636, P\<0.0001, [Figure 4E](#F0004){ref-type="fig"}). Therefore, our data demonstrated that miR-769-5p directly targeted KMT2A and inhibited its abundance in glioma cells.Figure 4KMT2A is a direct target of miR-769-5p. (**A**) miR-769-5p inhibitors (anti-miR-769-5p) and negative control (NC) were, respectively, transfected into A172 and U251 cells and qRT-PCR was performed to detect KMT2A and PRKAA1 mRNA. (**B**) miR-769-5p knockdown markedly increased the level of KMT2A protein in glioma cells. (**C**) The 3ʹUTR of KMT2A contained potential binding sites for miR-769-5p. miR-769-5p silencing enhanced the luciferase activity of vectors containing wt 3ʹUTR of KMT2A but not mt 3ʹUTR of KMT2A in glioma cells. (**D**) The expressions of KMT2A mRNA were examined by qRT-PCR in 60 paired glioma tissues and adjacent nontumor tissues. (**E**) The relationship between miR-769-5p and KMT2A mRNA expression was assessed by Spearman correlation analysis. \*P\<0.05.

KMT2A Partially Mediates The Role Of miR-769-5p In Glioma Cells {#S0003-S2005}
---------------------------------------------------------------

As mentioned above, KMT2A was a direct target of miR-769-5p in glioma cells. Thus, we further disclosed whether KMT2A mediated the role of miR-769-5p in glioma cells. The expression of KMT2A was dramatically up-regulated by plasmid transfection in A172 cells (P\<0.05, [Figure 5A](#F0005){ref-type="fig"}). Functional assays indicated that KMT2A overexpression significantly inhibited cell proliferation and induced apoptosis in A172 cells (P\<0.05, [Figure 5B](#F0005){ref-type="fig"}--[E](#F0005){ref-type="fig"}). Next, KMT2A was knocked down by a synthetic siRNA in A172 cells with miR-769-5p silencing (P\<0.05, [Figure 6A](#F0006){ref-type="fig"}). Interestingly, KTM2A knockdown partially abolished miR-769-5p silencing-induced proliferation inhibition and apoptosis in A172 cells (P\<0.05, [Figure 6B](#F0006){ref-type="fig"}--[E](#F0006){ref-type="fig"}). Collectively, these results revealed that miR-769-5p facilitated glioma cell growth and reduced apoptosis by targeting KMT2A.Figure 5KMT2A overexpression suppresses the growth of A172 cells. (**A**) KMT2A overexpression was performed in A172 cells and confirmed by Western blotting. (**B**) CCK-6, (**C**) EdU, (**D**) colony formation and (**E**) flow cytometry analysis indicated that KMT2A overexpression repressed the proliferation and induced apoptosis of A172 cells. \*P\<0.05.Figure 6Knockdown of KMT2A partially abolishes the effects of miR-769-5p silencing on A172 cells. (**A**) KMT2A siRNA was transfected into A172 cells with miR-769-5p knockdown, and Western blotting was performed to detect KMT2A expression. (**B**) CCK-6, (**C**) EdU, (**D**) colony formation and (**E**) flow cytometry analysis were performed to evaluate the proliferation and apoptosis of A172 cells transfected with different vectors. \*P\<0.05.

Discussion {#S0004}
==========

In this study, miR-769-5p was found to be upregulated in glioma tissues and cell lines. The upregulated expression of miR-769-5p was positively correlated with tumor grades and predicted poor prognosis of glioma. Furthermore, knockdown of miR-769-5p could suppress cell proliferation and induced apoptosis in glioma cells. KMT2A was identified as a direct target of miR-769-5p. KMT2A overexpression exerted similar effects with miR-769-5p silencing on glioma cells. Importantly, knockdown of KMT2A partially reversed the suppressive effects of miR-769-5p silencing on glioma cells.

Recently, miR-769-5p has been reported to be a tumor suppressor or oncogene in human cancers.[@CIT0018]--[@CIT0023] For instance, miR-769-5p suppresses CRC cell proliferation and invasion via attenuating CDK1 and HEY1.[@CIT0018],[@CIT0019] Furthermore, miR-769-5p inhibited NSCLC cell proliferation, migration and invasion by targeting TGFBR1 and EGFR.[@CIT0020],[@CIT0021] However, miR-769-5p plays a tumor promoting role during the tumor progression of melanoma[@CIT0022] and HCC.[@CIT0023] There results indicate that miR-769-5p has different functions in different tumor types. Currently, the expression of miR-769-5p and its role in glioma remain unclear yet. Here, we found the upregulated expression of miR-769-5p in glioma tissues and cell lines. Both our data and CGGA data consistently indicated that high miR-769-5p level conferred to high tumor grades and poor clinical outcomes of glioma. Moreover, knockdown of miR-769-5p suppressed cell proliferation and induced apoptosis in glioma cells. These data suggested that miR-769-5p might play an essential role in the progression of glioma.

The biological role of KMT2A has been widely investigated in human cancers.[@CIT0027]--[@CIT0032] In melanoma, KMT2A contributes to tumor growth via inducing the activation of hTERT signaling[@CIT0028] KMT2A fusions and rearrangements are frequently detected in hematological malignancies.[@CIT0029]--[@CIT0031] Moreover, KMT2A is highly expressed in CRC tissues and promotes cancer cell migration and invasion via epigenetically regulating cathepsin Z (CTSZ)[@CIT0032] Notably, KMT2A knockdown facilitates glioma cell proliferation and promotes tumor growth in vivo by epigenetically regulating notch receptor 1 (NOTCH1) and NOTCH3, suggesting a tumor suppressive role of KMT2A in glioma.[@CIT0027] However, whether KMT2A is a functional target of miR-769-5p in glioma cells remains to be elucidated. In this study, miR-769-5p knockdown increased the abundance of KMT2A in glioma cells. The expression of KMT2A mRNA was downregulated in glioma tissues and negatively correlated with miR-769-5p level. Herein, KMT2A was validated as a target gene of miR-769-5p in glioma cells. Moreover, ectopic expression of KMT2A exerted the anti-proliferative and pro-apoptotic roles in glioma cells. KMT2A knockdown partially abrogated miR-769-5p silencing-induced glioma cell growth arrest and apoptosis. These data suggested that miR-769-5p might promote the growth of glioma cells possibly by targeting KMT2A.

In conclusion, we found that miR-769-5p level was increased in glioma tissues and cell lines. The upregulated expression of miR-769-5p correlated with poor prognosis of glioma. More importantly, knockdown of miR-769-5p repressed cell proliferation and induced apoptosis possibly by increasing KMT2A expression in glioma cells. These results suggest that miR-769-5p/KMT2A axis may represent potential therapeutic targets for glioma.

Conclusion {#S0005}
==========

To conclude, we demonstrate that the expression of miR-769-5p is dramatically upregulated in glioma, and closely correlates with poor prognosis of patients. In vitro and in vivo assays reveal that miR-769-5p knockdown suppresses cell proliferation and induces apoptosis of glioma cells. Interestingly, KMT2A is directly regulated by miR-769-5p, and partially mediates the tumor promoting role of miR-769-5p in glioma cells. These data provide novel insights into the complex regulatory network of glioma pathogenesis.
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